Osteosarcoma (OS) is one of the most common malignant bone tumors in adolescents with a poor prognosis. Though miR-509-5p has been reported as a tumor suppressor in several human cancers, the role of miR-509-5p in OS remains unclear. In this study, our result of real-time PCR (RT-PCR) showed that the expression of miR-509-5p was significantly decreased in OS tissues and cell lines. Overexpression of miR-509-5p significantly suppressed cell proliferation and invasion in OS cell lines. Moreover, we identified tribbles homolog 2 (TRIB2) as the direct target of miR-509-5p. Knockdown of TRIB2 could inhibit the malignant capacity of OS cells. At last, we reported that TRIB2 could inhibit the bioactivity of the tumor suppressor gene p21 via blocking its transcriptional activity. Collectively, our study revealed that miR-509-5p functions as a tumor suppressor by targeting TRIB2 in OS and thus could affect the activity of p21, suggesting that miR-509-5p is a novel preventive intervention for OS patients.
Introduction
Osteosarcoma (OS) is a highly malignant tumor occurring in children, counting for 3-5% of newly diagnosed cancers of adolescents [1] . Although the five-year survival rate has been improved to 60-75% thanks to the rapid development of treatment strategies, the prognosis remained poor for the complicated carcinogenesis of OS is still unclear [2] . Therefore, it is of great urgency to seek for new biomarkers that targeted preventive and/or therapeutic interventions for OS patients to improve the clinical outcome [3, 4] .
MicroRNA (miRNA) is a kind of noncoding RNA with a length of 22-24 nucleotides. It is well recognized that miRNA serves a critical role in the pathological process of various human cancers via binding to the 3′-UTR region of the target gene. Overexpression or low expression of oncogenic or tumor suppressor miRNA is crucial in the progression of tumor development because the miRNA implicates in proliferation, apoptosis [5] , autophagy [6] , migration [7] , and invasion [8] . To date, several miRNAs are reported to play a critical role in the tumorigenesis of OS; for example, miR-182-3p [9] , miR-491-3p [10] , and miR-376a [11] act as tumor suppressors while miR-33a [12] functions as an oncogene. However, further studies about the relationship between miRNA and OS are still needed for the controversy about the role of the miRNA. Fortunately, the rapid development of the bioinformatic technology brings great convenience for researchers to investigate for a further step.
In the present study, we explore the impact of miR-509-5p on OS by a series of cellular and molecular function experiments. Then, we performed bioinformatic analysis to predict that TRIB2 was the target gene of miR-509-5p and clarified their relationship by dual luciferase report assay, subsequently. In summary, miR-509-5p functions as a tumor suppressor gene in OS through miR-509-5p/TRIB2 axis, making miR-509-5p a potential diagnostic and/or therapeutic target for OS.
Materials and Methods
2.1. Data Processing. Several GEO databases were used to evaluate the expression of mir-509-5p in osteosarcoma tissues and cell lines. As a result, the expression level of mir-509-5p in osteosarcoma was significantly reduced in GSE28423 relative to paraneoplastic tissue.
Similarly, we found two datasets, GSE39055 and GSE11416, from the GEO website using the "osteosarcoma mRNA" as a search condition and compared the differential genes of different groups using the GEO2R tool that comes with the website. In the GSE39055 dataset, we divided the patients who relapsed within 3 years and the patients who relapsed after 3 years into two groups and obtained a gene set containing 320 differential genes. At the same time, in the GSE11416 dataset, we compared the genes of normal osteoblasts and osteosarcoma cells and obtained a gene set of another 53 differential genes. By taking the above two gene sets, we finally got the target gene TRIB2.
Tissue Collection, RNA Extraction, and Real-Time PCR.
15 OS tumor tissues accompanied with their homologous adjacent normal tissues were collected from the patients following surgical resection from January 2017 to March 2019 at the Yuebei People's Hospital, China. No patients received radiotherapy or chemotherapy before surgical resection. All samples were rapidly frozen in liquid nitrogen immediately and stored at − 80°C refrigerator until total RNA was extracted. This study was approved by the Yuebei People's Hospital ethical committee and all participants had signed the informed consent.
The total RNA was extracted with Trizol Reagent (Invitrogen, Carlsbad, USA). PrimeScript RT Master Mix (Takara) was used to reverse transcribe 1.0 μg total RNA into a final volume of 20 μl cDNA. The RT-PCR was conducted with the SYBR Select Master Mix (KeyGEN, China), and the subsequent reaction was performed in a QuantStudio 6 Flex Real-Time PCR System as follows: initial denaturation step at 95°C for 10 minutes, followed by 40 cycles at 92°C for 15 seconds and 60°C for 1 minute. The primers used were as follows: GAPDH forward primer, 5′-ATTCCATGG-CACCGTCAAGGCTGA-3′; GAPDH reverse primer, 5′-TTCTCCATGGTGGTGAAGACGCCA-3′; miR-509-5p forward primer, 5′-TACTGCAGACAGTGGCAAUCA-3′; miR-509-5p reverse primer, 5′-GTGCAGGGTCCGAGGT-3′; U6 forward primer, 5′-CTCGCTTCGGCAGCACA-3′, U6 reverse primer, 5′-AACGCTTCACGAATTTGCGT-3′.
Cell Line, Cell
Culture, and siRNA Transfection. Four human OS cell lines including U2OS, HOS, Saos-2, MG-63, and normal osteoblast cell line NHOst were purchased from American Type Culture Collection (Manassas, VA, USA). All the cell lines were cultured in Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher Scientific, USA), supplemented with 10% fetal bovine serum (FBS; Thermo Fisher Scientific, USA) and streptomycin (100 μg/ml), penicillin (100 U/ml). The cells were incubated in a 37°C humid incubator containing 5% CO 2 . The culture medium was replaced every 2 days to remove the floating cells and keep the adhering cells for further use.
The U2OS and HOS cells were seeded in six-well plates before transfection. When 60-70% confluence is reached, the cells were transiently transfected with siRNA targeting a specific gene or negative control using Lipofectamine 2000 reagent (Invitrogen, USA). The sequences of the siRNA used above were listed as follows: siRNA-TRIB2: sense 5′-UAGCGAGAUAUGGGAGAUCTT-3′, anti-sense 5′-GAUCUCCCAUAUCUCGCUATT-3′. Si-NC: sense 5′-UUCUCCGAACGUGUCACGUTT-3′, antisense 5′-ACGUGACACGUUCGGAGAATT-3′.
Cell Proliferation
Assay. The cell proliferation was investigated by cell counting kit (CCK-8, Biyuntian, Nanjing) assay. Briefly, 3 × 10 3 cells were planted into a 96-well plate and cultured for 0, 24, 48, 72, and 96 h before 10 μl of CCK-8 reagent was added to the wells. After 2 hours of further incubation protecting from light at 37°C, the absorbance was measured by the microplate reader at 450 nm. All the experiments were repeated 3 times.
Transwell
Assay. The invasive ability of the cells was evaluated by the Cell Invasion Assay kit (BD Biosciences, Franklin Lakes, NJ, USA) following the accompanied protocol. A total of 3 × 10 4 cells were seeded in the upper chamber, maintaining in the medium without serum. Medium containing 20% FBS was added to the lower chamber as a chemoattractant. Subsequently, the cells were incubated at 37°C for 24 h. Noninvading cells were removed while the cells migrated to the bottom of the membrane were fixed with cold methanol and stained with 0.1% crystal violet for 20 min. The stained cells were captured under a microscope in five random fields with 100x magnification, and the average number of migratory cells was taken. All the experiments were repeated 3 times.
2.6. Luciferase Reporter Assay. We performed luciferase reporter assay to investigate whether there is a direct transcript relationship between miR-509-5p and TRIB2 as well as TRIB2 and p21. Firstly, the 3′-TUR of TRIB2 was amplified and cloned to the restrictive site between Xho I and Bgl II of pGL6-miR. Subsequently, the site mutation kit (Beyotime Biotechnology, Shanghai, China) was used to mutate the 3′-TUR site of TRIB2 targeted with miR-509-5p. A similar procedure was conducted to produce a p21 mutant version. After that, 5 × 10 3 cells were seeded into the 96-well plates and then transfected with the wild-type or mutated report vector or the negative control for 48 h. The firefly luciferase activity was measured according to the dual luciferase reporter assay manually (Beyotime Biotechnology, Shanghai, China). All the experiments were repeated 3 times.
Western Blot.
The total protein of the cultured cells was extracted using the radioimmunoprecipitation assay buffer (Beyotime Biotechnology, Shanghai, China) mixed with protease inhibitor cocktail (Thermo Fisher Scientific, Inc.). After the total protein concentrations of the cell lysates were measured using the Bicinchoninic Acid Protein Assay kit (Thermo Fisher Scientific, Inc.), 20 μg protein of each sample was electrophoresed on the SDS-PAGE gel and then transferred onto polyvinylidene fluoride (PVDF) membranes (Millipore Sigma, USA). The membranes were then blocked with 5% nonfat milk in TBST at room temperature for 1 h and then incubated at 4°C overnight with primary antibody against TRIB2 (Abcam, ab117981, 1 : 1000), p21 (Abcam, ab129520, 1 : 1000), and GADPH (Abcam, ab181602, 1 : 1000). Washing twice with TBST, the membranes were incubated with second antibody at room temperature for 1 h. Antibody binding was detected via enhanced chemiluminescence and the band density was analyzed with software. All the experiments were repeated 3 times.
Statistical Analysis.
The results were presented as mean ± standard deviation after the analysis with SPSS, version 19.0. One-way ANOVA or independent t-test was used to calculate the P value. P < 0.05 was considered a statistically significant difference.
Results

The Expression of miR-509-5p Was Decreased in the OS
Tissues and Cell Lines. The expression date of miR-509-5p in OS tissues was evaluated from GEO database (https://www. ncbi.nlm.nih.gov/geo/query/acc.cgi?acc�GSE28423). The GEO2R tools from the website were used to compare the expression of miR-509-5p in normal tissues and OS tumor tissues. As we can see in Figure 1 (a), the expression of miR-509-5p in the OS tissues was decreased significantly compared with the normal tissues. To validate the result with the tissues got from our hospital, we performed RT-PCR experiments to investigate the expressions of miR-509-5p in 14 paired OS tissues and adjacent normal tissues. As a result, the expression of miR-509-5p was decreased in 11 out of the 15 OS tissues compared with the paraneoplastic tissues ( Figure 1(b) ). In addition, the miR-509-5p expression was further investigated in various OS cell lines, including U2OS, HOS, Saos-2, and MG-63. As shown in Figure 1 (c), the miR-509-5p was downregulated in these OS cell lines compared with normal human osteoblast cell line (NHOst). In conclusion, these results suggested that miR-509-5p was ectopically decreased in the OS tissues and cells.
miR-509-5p Could Inhibit Proliferation and Invasion of the OS Cells.
To investigate the biological function of miR-509-5p in OS, the cell lines U2OS and HOS were transfected with miR-509-5p overexpressing vector HIVH1-miR-509-5p and corresponding NC. The transfection efficiency was detected by RT-PCR; as shown in Figure 2 (a), the expression level of miR-509-5p after overexpression was increased remarkably. The result of CCK-8 assay suggested that the proliferation potential of U2OS and MG-63 transfected with HIVH1-miR-509-5p was markedly decreased compared with the NC-miR (Figure 2(b) ). Transwell assay result showed that the invasion ability of the miR-509-5p overexpression group decreased significantly compared with the NC group, suggesting that miR-509-5p could inhibit the invasion ability of OS cells (Figure 2(c) ). In conclusion, these data revealed that miR-509-5p could act as a tumor suppressor and inhibit the proliferation and invasion of OS cells.
TRIB2 Is Upregulated in OS Tissues and Is a Direct
Target of miR-509-5p. We continue to investigate GEO databases and finally found 2 databases (GSE39055 and GSE11416) presenting the expression of mRNA in OS tissues and normal tissues nearby. We compared the mRNA expression of each database to find out the upregulated gene in OS and finally get a cohort of 320 genes in GSE39055 and 53 genes in GSE11416. And as shown in Figure 3 (a), we find that TRIB2 is upregulated in OS tissues from both GSE databases. This indicated that TRIB2 may be upregulated in most OS tissues and may function as an oncogene in OS.
It is well recognized that miRNA participated in various physiological activities through binding to the mRNA 3′-UTR of the target gene. In order to identify the targeted mRNA of miR-509-5p, the TargetScan (http://www. targetscan.org) database was used to predict the potential target. As a result, TRIB2 was predicted to be a potential target of miR-509-5p (Figure 3(b) ). RT-PCR was conducted to detect the mRNA level of TRIB2 in OS tissues for further validation. The result showed that, compared with the normal control group, the expression of TRIB2 was greatly overexpressed in OS tissues, which was negatively correlated with the miR-509-5p level (Figure 3(c) ). As expected, the TRIB2 mRNA increased significantly in the OS cell lines U2OS, HOS, Saos-2, and MG-63 compared with the NHOst (Figure 3(d) ). The subsequent western blot further confirmed that the protein expression of TRIB2 decreased in the same cell lines (Figure 3(e) ). To further confirm whether miR-509-5p may target TRIB2 in OS, we upregulated the miR-509-5p expression by the vector described above and found a markedly reduced expression of TRIB2 in both mRNA and protein level in U2OS and HOS cells (Figure 3(f ) ). Taken together, these results imply that miR-509-5p targets TRIB2 in OS cells.
Knockdown of TRIB2 Could Inhibit the Malignant Capacity of OS Cells.
In order to confirm whether TRIB2 is responsible for the tumor suppressive role of miR-509-5p in OS cells, we knock down the TRIB2 through small interfering RNA in the U2OS and HOS cells. The silence effect was assessed by western blot (Figure 4(b) ). As a result, the proliferation and invasion ability of both cell lines decreased markedly after TRIB2 was silenced (Figures 4(c) and 4(d) ), which was very close to the effect of miR-509-5p overexpressing.
p21 May Be the Downstream Effect of miR-509-5p
Targeting TRIB2. The luciferase reporter assay was performed to validate whether there is a direct interaction between miR-509-5p and TRIB2. The suppositional binding site of the 3′-UTR in TRIB2 was cloned into the luciferase reporter vector as a wild-type version (pMir-Wt) while a deletion of 8 bp in the seed region of the 3′-UTR was constructed as a mutant version (pMir-Mut). The results show that attenuated luciferase activities were observed in the U2OS and HOS cells cotransfected with pMir-Wt and miR-509-5p overexpression vector (Figure 4(a) ), which indicated miR509-9p binding to the 3′-UTR of TRIB2 directly.
As the downstream effect of miR-509-5p targeting TRIB2 remains unknown, we conducted western blot in the U2OS and HOS cells and the results showed that the expression of p21 protein increased significantly after the TRIB2 was knocked down by small interfering RNA (Figure 4(e) ). In addition, as shown in Figure 4 (f ), a markedly enhanced luciferase activity was observed in the cells cotransfected with si-TRIB2 and p21 mutant version (p21-luc). In conclusion, these results implied that p21 may be the downstream effect of miR-509-5p targeting TRIB2.
Discussion
As the most common malignant primary bone tumor, OS remains a serious threat to the children despite the progress in treatment strategy. Therefore, it is urgent and vital to find a new therapeutic strategy to suppress OS. In the past decades, miRNA has been well demonstrated to participate in tumor progression through regulating the expression of oncogenes and tumor suppressors [13] . miR-509-5p is a member of miR-509 family [14] , which has been reported to act as a tumor suppressive role in renal cell carcinoma (RCC) [15] and cervical cancer [16] . However, the function and mechanism of miR-509-5p in OS have never been investigated.
In the present study, we observed a markedly downregulation of miR-509-5p in the OS tissues compared with the adjacent normal tissues. Similar results in the OS cell lines were found to further confirm the hypothesis that miR-509-9p may be a tumor suppressor gene. Subsequently, we conducted the in vitro cell culture to investigate the biological function of miR-509-5p in the progression of OS. The results revealed that overexpression of miR-509-5p inhibited OS cell proliferation and invasion, which indicated that miR-509-5p is an OS suppressor gene. We further investigated the underlying mechanism of how the miR-509-5p inhibits the OS progression. Although miR-509-5p should have many targets, for example, MDM2, SOD2, FOXP1, etc., we identified TRIB2 as a direct target of miR-509-5p while it is a putative oncogene that is also highly expressed in OS tissues. Furthermore, the result of subsequent luciferase reporter gene suggested that TRIB2 inhibited the bioactivity of a well-recognized tumor suppressor gene, p21, through blocking its transcriptional activity [17] . In conclusion, miR-509-5p acts as an antitumor gene in OS through inhibiting the expression of TRIB2, an oncogene that decreased the expression of p21 and attenuated the antitumor function, thus increasing cancer risk and accelerating the OS progression. As a member of the tribble family, tribbles homolog 2 (TRIB2) is a mitosis blocker that regulates embryo and germ cell development [18] . It has been reported that, as a scaffold protein [19] , TRIB2 plays a critical role in various biological processes as well as in pathological conditions, especially in tumor development [20, 21] . For instance, the overexpression of TRIB2 may accelerate the acute myeloid leukemia (AML) through activating C/EBPα pathway [22] ; in liver cancer, TRIB2 promoted cell proliferation and transformation via improving the stabilization of YAP through the E3 ubiquitin ligase βTrCP [23] . To extensively study the mechanisms related to the downstream effect of TRIB2-mediated regulation, we found a directed connection between TRIB2 and p21. Although it is well known that p21 is mainly regulated by p53 at the transcription level [24] , there are multiple transcription factors such as BRCA1, Smad3, AP4, and c-myc that also control the expression of p21 [25] [26] [27] . Here, we reported that TRIB2 negatively regulates the promoter of p21 and thus inhibits the antitumor effect of p21, resulting in the progression of OS. However, further studies are still needed to explore the exact mechanism of how TRIB2 impacts the bioactivity of p21 ( Figure 5 ).
In conclusion, our study demonstrated that the expression of miR-509-5p was significantly decreased in OS tissue and cell lines. Simultaneously, we also identified that TRIB2 was a direct and functional target of miR-509-5p, which thus negatively regulates the antitumor effect of p21. Taken together, our study indicated that restoration of miR-509-5p or knockout of TRIB2 may be the potential preventive and/or therapeutic interventions for OS.
